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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a negative electrode material for 
nonaqueous electrolyte second battery, capable of providing a nonaqueous 
electrolyte secondary battery having a high capacity and showing superior cycle 
properties. 

SOLUTION: This negative electrode material for nonaqueous electrolyte 
secondary battery comprises a conductive SiOX powder, whose surface is covered 
with a conductive material having SiOX as a nucleus, by mechanically surface- 
fusing the conductive material of an average particle size d50(B) of 20 nm-30 
μm to the SiOX powder of an average particle size d50(A) of 0.2-20 μm 
where the average particle size ratio d50(A)/d50(B) is 1.5 or larger. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the negative-electrode material for nonaqueous electrolyte 
rechargeable batteries which can attain improvement in the capacity of a nonaqueous electrolyte rechargeable battery, 
and improvement in cycle nature. 
[0002] 

[Description of the Prior Art] Although initial capacity improved sharply when SiOx powder was used as negative- 
electrode material for rechargeable lithium-ion batteries, there was a problem of cycle nature fall that the capacity falls 
by the charge and discharge of a repeat. 

[0003] Although the report that cycle nature improves by carrying out after [ mechanical alloying ] carbonization 
processing of the SiO with a graphite is made by JP,2000-243396,A, this approach is unsuitable for production of a 
cost side to that a baking facility is the need or a industrial scale. 

[0004] This invention aims at offering the negative-electrode material for nonaqueous electrolyte rechargeable batteries 
which could maintain high capacity, without falling cycle nature, and was suitable for industrial production, when it is 
made in view of the above-mentioned situation and uses for a nonaqueous electrolyte rechargeable battery. 
[0005] 

[The means for solving a technical problem and the gestalt of implementation of invention] The cause that cycle nature 
falls when SiOx powder is used as negative-electrode material as a result of repeating examination wholeheartedly, in 
order that this invention person may attain the above-mentioned purpose Since SiOx powder has low conductivity, 
Although conductivity is given by mixing a graphite and an amorphous carbon material as electric conduction material, 
and contacting a negative-electrode active material (SiOx) to electric conduction material in respect of a point While 
finding out that it is because the touch area of electric conduction material and a negative-electrode active material 
decreases and it becomes impossible to take a flow gradually by repeating expansion contraction of a negative- 
electrode active material in connection with charge and discharge By supporting or covering a conductive high 
ingredient with mechanical approaches, such as surface fusion equipment, on the front face of a negative-electrode 
active material, and uniting it with a negative-electrode active material by them, adhesion improved and collapse of the 
electrode by expansion contraction of a negative-electrode active material was controlled, and the knowledge of cycle 
nature improving is carried out, and it came to make this invention. 

[0006] namely, electric conduction material matter [whose mean particle diameter d50 (B) is 20nm - 13 micrometers at 
the SiOx powder whose mean particle diameter d50 of this invention (A) is 0.2-20 micrometers — however mean 
particle diameter - a ratio - d - 50 - (-- A --) - /-- d - 50 - (-- B --) - 1 .5 - more than - it is --] - mechanical - a 
front face — fusion — processing — carrying out — things — SiOx — a nucleus — ** — carrying out — a front face — 
electric conduction ~ material — the matter - having covered - conductivity - SiOx — powder - containing ~ things - 
- the description — ** — carrying out — nonaqueous electrolyte — a rechargeable battery — ** a negative electrode — 
material — providing . 

[0007] Hereafter, lessons is taken from this invention and it explains in more detail. In this invention, the conductive 
SiOx powder which covered the front face by the electric conduction material matter by using SiOx as a nucleus by 
mechanical surface fusion processing is used for the negative-electrode material for nonaqueous electrolyte 
rechargeable batteries. 

[0008] In this invention, usually obtain a silicon dioxide (Si02) and metal silicon (Si) as a raw material with SiOx. 
SiOx which is the generic name of the amorphous silicon oxide in which the value of x of SiOx is shown by 0< x<2, 
and is used by this invention The spectrum which the silicon oxide containing activity atom-like silicon has and by 
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which it is measured with the solid-state NMR of SiOx powder (29 SiDD/MAS) - The broadcloth peak centering on 70 
ppm, especially the broadcloth peak in the range whose top-most vertices of a peak are -65--85ppm (Al), - It has 
separated into two peaks of the broadcloth peak (A2) in the range whose top-most vertices of the broadcloth peak 
centering on 1 10 ppm, especially a peak are -100-120ppm. And 0.1 <=(A1)/(A2) <=1.0 and that it is the range of 0.2 
<=(A1)/(A2) <=0.8 have especially desirable surface ratio (A1)/(A2) of these peaks, if the value of surface ratio (Al)/ 
(A2) becomes larger than 1.0 - high - although the rate of activity amorphous Si becomes large and the nonaqueous 
electrolyte rechargeable battery of high capacity is obtained, there is a possibility that cycle nature may fall. 
[0009] On the other hand, as for the range of x of SiOx, it is desirable x=0.6-1.5 and that it is especially the positive 
number of 0.67-1 .30. if the value of x is smaller than 0.6 - high — the rate of activity amorphous Si becomes large and 
the nonaqueous electrolyte rechargeable battery of high capacity has a possibility that the thing and cycle nature which 
are obtained may fall. Conversely, when the value of x is larger than 1.5, the rate of inactive Si02 increases and there is 
a possibility that production of the nonaqueous electrolyte rechargeable battery of high capacity made into the purpose 
may become impossible. 

[0010] In addition, for example, the oxygen analyzer in a ceramic (bottom scorification of an inactive air current) can 
analyze the amount of oxygen in SiOx. The above-mentioned range 0.6-1.5 of x is equivalent to about 25 - 46 % of the 
weight of abbreviation as an amount of oxygen. 

[001 1] 0.2-20 micrometers (A) of mean particle diameter d50 of the SiOx fine particles used for mechanical surface 
fusion processing are 0.5-10 micrometers preferably. In mean particle diameter smaller than 0.2 micrometers, the effect 
of scaling of a particle appears, the charge-and-discharge capacity of a negative-electrode active material decreases, 
and the spreading nature at the time of electrode production worsens in the mean particle diameter exceeding 20 
micrometers. It can ask for this mean particle diameter d50 as a weighted mean value (or median size) in the particle- 
size-distribution measurement for example, by laser optical diffraction. 

[0012] On the other hand in the constituted cell, that the electric conduction material matter should just be the 
ingredient of the electronic conduction nature which causes neither decomposition nor deterioration specifically Metal 
powder metallurgy group fiber, such as aluminum, Ti, Fe, nickel, Cu, Zn, Ag, Sn, and Si, Or even if graphites, such as 
mesophase carbon, a vapor growth carbon fiber, a pitch based carbon fiber, a PAN system carbon fiber, and various 
kinds of resin baking objects, etc. are used and it uses these independently in a natural graphite, an artificial graphite, 
and various kinds of end of a coke breeze Although you may use by two or more kinds, especially a graphite is suitably 
used for increase of the ease of carrying out of mechanical surface fusion, and the charge-and-discharge capacity per 
negative-electrode active material unit weight. Moreover, it is not limited especially about the configuration of the 
electric conduction material matter, either, but can use the shape of a globular shape, massive, and a scale, fibrous, etc. 
[0013] 20nm - 13 micrometers (B) of mean particle diameter d50 of the powder of these electric conduction material 
matter are 35nm - 10 micrometers preferably. In mean particle diameter smaller than 20nm, the effect of scaling of a 
particle appears, conductivity falls, and the spreading nature at the time of electrode production worsens in the mean 
particle diameter exceeding 13 micrometers. In addition, although a usually available thing can be used for the powder 
of these electric conduction material matter, what ground suitably and was made into the above-mentioned mean- 
particle-diameter range may be used for it. 

[0014] In this invention, the ratio [d50 (A) / d50 (B)] of the mean particle diameter d50 of SiOx (A) to the mean 
particle diameter d50 of the electric conduction material matter (B) is preferably made or more into 2.0 1.5 or more. By 
making d50 (A) / d50 (B) or more into 1.5, the surface area of the electric conduction material matter in contact with 
SiOx becomes large, consequently firm surface fusion is attained. Therefore, even if expansion contraction takes place 
at the time of charge and discharge, the exfoliation from the negative-electrode active material of the electric 
conduction material matter can be prevented, and cycle nature can improve by leaps and bounds by maintaining 
conductivity. If d50 (A) / d50 (B) is smaller than 1.5 here, the surface area of the electric conduction material matter in 
contact with SiOx will be small, and the effectiveness of mechanical surface fusion will become small. 
[0015] In addition, although the upper limit of the ratio [d50 (A) / d50 (B)] of the mean particle diameter d50 of SiOx 
(A) to the mean particle diameter d50 of the electric conduction material matter (B) is selected suitably, it is desirable 
to make the value of [d50 (A) / d50 (B)] especially or less into 20 500 or less. If the value of a mean-particle-diameter 
ratio exceeds 500, the particle diameter of the electric conduction material matter becomes fine too much, it becomes 
easy to disperse during mechanical surface fusion processing, and the effectiveness of mechanical surface fusion may 
become small. 

[0016] The addition of the electric conduction material matter used for mechanical surface fusion processing is 5 - 40 
% of the weight especially preferably one to 50% of the weight preferably. When the amount of the electric conduction 
material matter is made [ more ] than 50 % of the weight, there is a possibility that the conductivity of the electric 
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conduction material matter may fall with the advent of the field which detailed-ization of the particle by the collision of 
electric conduction material matter may take place, and does not participate in conductivity. When the addition of the 
electric conduction material matter is made into less than 1 % of the weight, there is a possibility that covering to a 
negative-electrode active material may become inadequate, and cycle nature may get worse from a conductive fall. 
[0017] Here, there is an approach of putting raw material fine particles on the gas which exercises as the concrete 
approach of mechanical surface fusion processing, and throwing particles, or the approach of throwing fine particles at 
a firm wall, for example, a jet mill, hybridization, etc. are mentioned. Moreover, by letting narrow space pass by the big 
force etc., shearing force can be given to fine particles and the approach of using the energy in that case can also be 
taken. For example, the approach using mechano HYUJON [the Hosokawa Micron CORP. make] as this approach is 
mentioned. Furthermore, raw material fine particles and the movement object which is not related with a reaction can 
be put in into a pot, and the approach, for example, a ball mill, of giving the motion by which vibration, rotation, or 
these were combined with this, a vibration ball mill, a planet ball mill, a rolling ball mill, etc. can also be used. 
[0018] In addition, to use these processings, a device is required for the order of materials charging and the mixed 
approach of raw material fine particles so that the electric conduction material matter may not be ground too much. 
[0019] Although the thickness of the electric conduction material matter layer to cover changes with magnitude of the 
electric conduction material matter, 20nm - its 13 micrometers are desirable, and it is usually 35nm - 10 micrometers 
especially. If the thickness of the electric conduction material matter to cover is thinner than 20nm, electronic 
conduction nature may fall, and when thicker than 13 micrometers, there is a possibility that the diffusibility of 
electrolyte cations, such as a lithium ion to SiOx which is a negative-electrode active material, may fall. 
[0020] As for the negative-electrode material of this invention, it is desirable that the carbon particle is included with 
above-mentioned conductive SiOx powder. In this case, although it is not limited and doping and undoping should be 
just possible in electrolyte cations, such as a lithium ion, especially as a carbon particle because of the improvement in 
charge-and-discharge capacity of the whole negative electrode, especially a graphite is desirable, and graphites, such as 
mesophase carbon, a vapor growth carbon fiber, a pitch based carbon fiber, a PAN system carbon fiber, and various 
kinds of resin baking objects, are usable, and, specifically, usable from a respectively amorphous thing to the thing of 
high crystallinity in a natural graphite, an artificial graphite, and various kinds of end of a coke breeze. 
[0021] In this case, if many [ if it is desirable that the carbon content in the mixture of conductive SiOx powder and a 
carbon particle is an amount used as 30 - 70 % of the weight 30 to 90% of the weight as for especially the mixed rate of 
the carbon particle to conductive SiOx powder and there are too few carbon contents in the above-mentioned mixture, 
cycle nature may get worse, and / too ], charge-and-discharge capacity may decrease. 

[0022] In this invention, the above-mentioned conductive SiOx powder and besides the mixture of this and a carbon 
particle being included preferably, binding material, such as polyvinylidene fluoride, and other well-known additives 
can be used for the negative electrode of a nonaqueous electrolyte rechargeable battery, and it can manufacture them 
with a conventional method. 

[0023] Moreover, in the nonaqueous electrolyte rechargeable battery using the negative-electrode material of this 
invention, an ingredient, cell configurations, etc., such as a positive electrode, electrolytes (positive active material 
etc.), a non-aqueous solvent, and a separator, are not limited, for example, can use an oxide or a chalcogen compound 
of transition metals of LiCo02, LiNi02, LiMn 204, V205, Mn02 and TiS2, and MoS2 grade etc. as positive active 
material. As an electrolyte, the nonaqueous solution which contains lithium salt, such as lithium perchlorate, for 
example can be used, and solvents, such as propylene carbonate, ethylene carbonate, dimethoxyethane, gamma-butyl 
lactone, and 2-methyl tetrahydrofuran, can be used combining one sort or two sorts or more as a non-aqueous solvent. 
Moreover, the other various nonaqueous electrolyte and solid electrolytes can also be used. 
[0024] 

[Example] Although an example and the example of a comparison are given and this invention is explained concretely 
hereafter, this invention is not limited to the following example. 

[0025] [example 1] siliconjiiojcide powder (BET specific surface area=200m2/g) and ceramic grade - public funds -- 
equimolar came out of group silicon pow der (BET specific surface area=4m2/g) comparatively, and it mixed. A reactor 
is filled up with this mixture and it decompresses to 0.1 or less Torrs, and SiOx gas was applied at the temperature up 
and the base made from SUS which holds, is made to generate SiOx gas and has carried out water cooling, and 1,350 
degrees C was made to carry out a cooling deposit. 

[0026] After collecting these sludges, the ball mill ground for 5 hours an d SiOx powder wasja ^jiufactured. The 
obtained SiOx pow der was 8 j nicjxuagters^ su rfaceji rea25m2/g and mean particle diameter, an d was 

amorphous powderexpres^d^ 1.0). — — - 

^[O027JTt separafe3Tntolwo peaks, the broa3clottf peak (Al) centering on -70 ppm, and the broadcloth peak (A2) 
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centering on -1 10 ppm, the spectrum measured with the solid-state NMR of the obtained SiOx powder (29 SiDD/MAS) 
was measured, and surface ratio (A1)/(A2) of these peaks was 0.65. 

[0028] Mechanical surface fusion processing was performed for the above-mentioned SiOx powder [mean-particle- 
diameter d50(A) =8micrometer] for 30 minutes in nitrogen-gas-atmosphere mindg [ 20 ] [SiOx:C=8:2 (weight ratio)] 
Using_80gand an artificial graghit£L[mean-particle-diameter d50(B) =3 micrometer]. Mechano HYUJON AM-15F by 
Tlosok^ for mechanical surface fusion processing. It became rotation casing which fixes 

fine particles to a wall with a centrifugal force from the inner piece which gives mechanical energy to the fine particles 
fixed to the casing inside, and the rotational frequency of casing set the gap of 2,500rpm, casing, and inner piece to 
2mm. The oxygen density at the time of processing was 0.1% or less, and temperature was a maximum of 127 degrees 
C. 

[0029] Toti re conducti ve^ by carry ing out mechanical surface fusion processing, in addition, the 

mixture of co nductive Si Ox_powder a nd a graphite was o btained so that ja carbonaceous rate might become 50% 
[SiOx:C=5:5 (weight ratio^ltbout an artificial graphite (mean particle~diameter of 5 micrometers). 
[0030] N-methyl pyrrolidone was added further and it considered as the slurry, in addition, this slurry was applied to 
copper foil with a thickness of 20 micrometers, and pressing of the electrode was carried out to the mixture of this 
co nductive SiOx powder jnd graphi te with the roller press after 1-hour desiccation at 120 degrees C so that it might 
become the rate ofmxturc:polyvinyTi3eneTluoride =9:1 (weight ratio) of conductive SiOx powder and a graphite about 
polyvinylidene fluoride, and finally it pierced in diameter of 20mm, and considered as the negative electrode. 
[0031] In order to evaluate the charge-and-discharge property of the negative electrode obtained here, the lithium foil 
was used for the counter electrode and the rechargeable lithium-ion battery for evaluation which used the fine porosity 
film with a thickness of 30 micrometers made from polyethylene for the separator was produced using the nonaqueous 
electrolyte solution which dissolved the 6 phosphorus-fluoride lithium in ethylene carbonate and 1, and l/[ of 2- 
dimethoxyethane ] 1 (volume ratio) mixed liquor by the concentration of one mol / L as nonaqueous electrolyte. 
[0032] After the produced rechargeable lithium-ion battery charged by 1mA constant current and amounted to 0V until 
the electrical potential difference of a test cell amounted to 0V using rechargeable battery charge and discharge test 
equipment [Made in Nagano], after leaving it at a room temperature overnight, it charged by decreasing a current so 
that a eel electrical potential difference might be kept at 0V. And when the current value was less than 20microA, 
charge was considered as termination. Discharge discharged by 1mA constant current, when the eel electrical potential 
difference exceeded 1.8V, it ended discharge, and it calculated discharge capacity. The above-mentioned actuation was 
repeated and the charge and discharge test of 10 cycles of the rechargeable lithium-ion battery for evaluation was 
performed. A result is shown in Table 1 . 

[0033] SiOx powder [mean-particle-diameter d50(A) =12micrometer] was obtained having used as 3 hours grinding 
time amount in the ball mill of the sludge obtained in the [example 2] example 1, and 20g of mechanical surface fusion 
processings was performed for this SiOx powder by the same approach as an example 1 using 80g and an artificial 
graphite [mean-particle-diameter d50(B) =3 micrometer]. The oxygen density at the time of processing was 0.1% or 
less, and temperature was a maximum of 131 degrees C. 

[0034] To the conductive SiOx powder obtained by carrying out mechanical surface fusion processing, in addition, the 
mixture of conductive SiOx powder and a graphite was obtained so that a carbonaceous rate might become 50% 
[SiOx:C=5:5 (weight ratio)] about a natural graphite (mean particle diameter of 5 micrometers). Using the mixture of 
this conductive SiOx powder and graphite, the negative electrode and the rechargeable lithium-ion battery for 
evaluation were produced by the same approach as an example 1, and the charge and discharge test was performed. A 
result is shown in Table 1 . 

[0035] [example 3] silicon dioxide powder (BET specific surface area=200m2/g) and ceramic grade ~ public funds - 
equimolar came out of group silicon powder (BET specific surface area=4m2/g) comparatively, and it mixed. A reactor 
is filled up with this mixture and it decompresses to 0.1 or less Torrs, and the temperature of a reactor was applied to 
the reactor, SiOx gas was applied to the temperature up and the base made from SUS which holds, is made to generate 
SiOx gas and has carried out water cooling with the sink at 1,350 degrees C, and the cooling deposit of the argon gas 
which mixed 20% of oxygen was carried out. 

[0036] After collecting these sludges, the ball mill ground for 5 hours and SiOx powder was manufactured. The 
obtained SiOx powder was 8 micrometers in BET specific surface area210m2/g and mean particle diameter, and was 
amorphous powder expressed with SiOx (x= 1.22). 

[0037] It separated into two peaks, the broadcloth peak (Al) centering on -70 ppm, and the broadcloth peak (A2) 
centering on -1 10 ppm, the spectrum measured with the solid-state NMR of the obtained SiOx powder (29 SiDD/MAS) 
was measured, and surface ratio (A1)/(A2) of these peaks was 0.27. 
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[0038] Mechanical surface fusion processing was performed for the above-mentioned SiOx powder [mean-particle- 
diameter d50(A) =8micrometer] by the same approach as an example lg [ 20 ] [SiOx:C=8:2 (weight ratio)] Using 80g 
and an artificial graphite [mean-particle-diameter d50(B) =3 micrometer]. The oxygen density at the time of processing 
was 0.1% or less, and temperature was a maximum of 121 degrees C. 

[0039] To the conductive SiOx powder obtained by carrying out mechanical surface fusion processing, in addition, the 
mixture of conductive SiOx powder and a graphite was obtained so that a carbonaceous rate might become 50% 
[SiOx:C=5:5 (weight ratio)] about an artificial graphite (mean particle diameter of 5 micrometers). Using the mixture 
of this conductive SiOx powder and graphite, the negative electrode and the rechargeable lithium-ion battery for 
evaluation were produced by the same approach as an example 1, and the charge and discharge test was performed. A 
result is shown in Table 1 . 

[0040] Mechanical surface fusion processing was performed for the SiOx powder [mean-particle-diameter d50(A) 
=8micrometer] of the [example 4] example 1 by the same approach as an example lg [ 40 ] [SiOx:C=6:4 (weight 
ratio)] Using 60g and an artificial graphite [mean-particle-diameter d50(B) =5 micrometer]. The oxygen density at the 
time of processing was 0.1% or less, and temperature was a maximum of 78 degrees C. 

[0041] To the conductive SiOx powder obtained by carrying out mechanical surface fusion processing, in addition, the 
mixture of conductive SiOx powder and a graphite was obtained so that a carbonaceous rate might become 50% 
[SiOx:C=5:5 (weight ratio)] about an artificial graphite (mean particle diameter of 5 micrometers). Using the mixture 
of this conductive SiOx powder and graphite, the negative electrode and the rechargeable lithium-ion battery for 
evaluation were produced by the same approach as an example 1, and the charge and discharge test was performed. A 
result is shown in Table 1. 

[0042] The SiOx powder [mean-particle-diameter d50(A) =8micrometer] of the [example 1 of comparison] example 1 
was used without carrying out mechanical surface fusion processing, and to SiOx powder, in addition, the mixture of 
SiOx powder and a graphite was obtained so that a carbonaceous rate might become 50% [SiOx:C=5:5 (weight ratio)] 
about an artificial graphite (mean particle diameter of 3 micrometers). Using the mixture of this SiOx powder and 
graphite, the negative electrode and the rechargeable lithium-ion battery for evaluation were produced by the same 
approach as an example 1, and the charge and discharge test was performed. A result is shown in Table 1 . 
[0043] The SiOx powder [mean-particle-diameter d50(A) =12micrometer] of the [example 2 of comparison] example 2 
was used without carrying out mechanical surface fusion processing, and to SiOx powder, in addition, the mixture of 
SiOx powder and a graphite was obtained so that a carbonaceous rate might become 50% [SiOx:C=5:5 (weight ratio)] 
about an artificial graphite (mean particle diameter of 3 micrometers). Using the mixture of this SiOx powder and 
graphite, the negative electrode and the rechargeable lithium-ion battery for evaluation were produced by the same 
approach as an example 1, and the charge and discharge test was performed. A result is shown in Table 1. 



[0044] 
[Table 1] 




d5o(A)/d 50 (B) 


[mAh/g] 


[mAh/g] 


[%] 




2.67 


887 


867 


98 




4.00 


893 


857 


96 




2.67 


719 


698 


98 




1.60 


863 


723 


84 




2.67 


763 


511 


67 


mm 


4.00 


783 


556 


71 



[0045] 

[Effect of the Invention] According to this invention, the negative-electrode material for nonaqueous electrolyte 
rechargeable batteries which gives the nonaqueous electrolyte rechargeable battery in which high capacity and the 
outstanding cycle nature are shown is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] mean particle diameter ~ d 50 - (-- A --) 0.2 - 20 -- micrometer - it is ~ SiOx - powder - mean 
particle diameter -- d -- 50 - (-- B --) - 20 - nm - 13 - micrometer -- it is - electric conduction -- material the 
matter — [— however — mean particle diameter — a ratio — d — 50 — (-- A — ) - /— d — 50 — (-- B — ) — 1 .5 — more than 

— it is -] — mechanical — a front face — fusion — processing — carrying out -- things — SiOx - a nucleus — ** — 
carrying out - a front face - electric conduction -- material the matter - having covered - conductivity - SiOx 
powder — containing — things ~ the description — ** carrying out ~ nonaqueous electrolyte - a rechargeable battery 

— ** ~ a negative electrode — material . 

[Claim 2] Negative-electrode material for nonaqueous electrolyte rechargeable batteries characterized by for the 
amount of the electric conduction material matter in conductive SiOx powder being 1 - 50 % of the weight to the sum 
total of SiOx powder and the electric conduction material matter, and the carbon content in the mixture of conductive 
SiOx powder and a carbon particle being 30 - 90 % of the weight including the mixture of a conductive SiOx powder 
and a carbon particle according to claim 1 . 

[Claim 3] Negative-electrode material for nonaqueous electrolyte rechargeable batteries according to claim 1 
characterized by the thickness of a wrap electric conduction material matter layer being 20nm - 13 micrometers about a 
SiOx powder front face. 

[Claim 4] The broadcloth peak [ spectrum / by which SiOx powder is measured with the solid-state NMR (29 
SiDD/MAS) ] centering on -70 ppm (Al), - Negative-electrode material for nonaqueous electrolyte rechargeable 
batteries according to claim 1 which has separated into two peaks of the broadcloth peak (A2) centering on 1 10 ppm, 
and is characterized by the range of surface ratio (A1)/(A2) of these peaks being 0.1 <=(A1)/(A2) <=1.0. 
[Claim 5] Negative-electrode material for nonaqueous electrolyte rechargeable batteries according to claim 1 
characterized by the value of x of SiOx being the positive number of the range of 0.6<=x<=l .5. 



[Translation done.] 
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(72)»W# 


£B8 IS 








*^^*«a52Tgi3#i^ mit 














(72)%®% 
























(74)ftSA 


100079304 








Mtt *a &ai (^.i«) 








«»HK:«< 



(54) [mnzm] #*n.tsm-#mmmt 



(57) [gift] 

[ft¥&^&] ¥%*Md 6 o (A) #0. 2~20;u 
mOS i Cm^^^l^gdso (B)A>'2 0nm- 
1 3jum<9$mttW§t [fflU ¥*»Sitd5o (A) 
/dso (B) {il . 5fcLhT*S] &«8««^BBit^ 

at i. ^ t c j: o s i o, zmt txrnmzm mwiMt 
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(2) 

1 

[M*JH1] T^m^Sdso (A) WO. 2-20;u 
mOS i O.^tC^ffifffldso (B)*"20nm- 
1 3^mC0«««!H!lK [fflL. WWSJtcko (A) 
/dso (B) {±1 . 5&±X-*>h1 £il«WSiffiiii£*!l 
«t£ dttcj; 9 S i Ox£tf k LT*M^*tttt® 
-CSH>fcW*ttS i 0.«*t*trii:*1«t-r«* 
*«W«riWtfl!lfflm*tt. 

t ii^ii 2 ] h*js i imcomm\t sio,«*tin 

MWfc^a^Hit**. S£«tts i Oi»*ifi<?)*t 10 

s i o,®mbmmmm$mzfti 

1-50 M%T<5 0 , zimtt S i O, $5fck ^iSSff 
k *>8l£ft»t>05 3 0-90 * C * 

[ff*Jf 3 3 S i Oiffi^lS£,I?*«tflMCJia 
HS#2 0nm-l 3Mm?S>&Zb£tmt-t2>ffl% 

[BM4 ] S i Ox«5fc&«, **>HlttNMR (29 S 
iDD/MAS) DMedilfi^^ WW*. -7 
0ppm£4M>kL£7'o-b'ftt-? (Al ) k, - 20 
1 lOppmfc+i&fcLfcyn-Ffce-? (A2)C0 
2oc0b°-^i:^SiLTfcD. *>o ,1 ft £><9 
BBSUt (Al) / (A2) #0. 1S(A1)/(A 

2) si. ooefflT'j>^^k^^mti-i»ft*Jiiia 

[11*55 3 SiOx<0x(0tt*«0. 6Sxs£l. 5CD 
[000 1 ] 30 
[00023 

imnm&vmtfmto i x o t -t mm] v w 

[00 033 #^200 0-2433 9 6^$8^{±. 40 

k c j 9 . -<m ? ;Ht*«i*i±-r s t <^ 3 $ ftr 

[0004] JJESW£»* : 5rSftfcfc*)T k 

Wk-ri.. 

[00 053 50 



#1*9200 2-3 7 36 53 
2 

t mm & mm? h t&> n^&tRxstmnmmnwm 3 * 

ft, Affiff k LT S i Oitifcfcfcffl^fcS^fclM 

ft, ««WkLTM^^K<7)^^^^L. « 

ftffivStt* k co«MSi«* { «^ I . *«#&8fc: k ft& 

«*WJ § it, -<M ? ;Mt*<f6]±-ri> i k * am 

[ 0 0 0 6 3 BP*., *Xmt. Wi^gdso ( A ) *5 
0 . 2-2 OumCDS i O, d 
so (B) #*20nm-l 3 txmCDmmt'm. [fflU ¥ 
%Stf-fUtd50 (A) /dso (B) (SI . 5a±.Z'$> 

h ] fcffla^BlteflWl'tailfc c J: 9 s i o, m 
k LT*iBS:»«tt*«raofc»«ttS i O.tt** 
IstiZ k ^=f#Sik-tl.^*«fB«Z^m?lMftffitt^ii 

[00073 WT. *5«Bfco|i5St:»L<IJiW*. 
*^T1i. HSW^BIi^Mffl^J; 0 S i 0,£f£k 

*w$n-m,mm®mzm?& . 

[00083 *»IH{c*jv^ S i O, ktiJi^. ZlMk 
^* (S IOj) t&^-im (S i ) k$rH«kL- 
Tf#f>ix§, SiO,^xcOfi* J 0<x<2T^$ita 

*W^t<, S i Ox& % *CO[l*NMR ("SiDD/ 
MAS) tiOSJ^SilSX^ h)l>fiK - 70ppm 

6 5 — 8 5ppm<3«Hfc**7a--H$f£-? (A 
1) b, -1 10ppmSr4"^kL^yo-F=5:t- 
^ s mzV-iem&tf- 1 0 0- — 1 2 0 p p mCOK 
Btofc&t/n-h&t'-? (A2 ) <752ocOtf-:?{e# 
MLTfc 0 , *^itL^^e-^<Offi«Jt (Al)/ 
( A 2 ) **0 . 1£(A1)/(A2)£1. 0 , »C 

0. (Al ) / (A2) SO. 8«)«Hfft4;t 
«U>. SffllJt (A1)/(A2) COffi^ 1. Oi 

o < *4 k . «vStt&#&{j s i < 

[0009]— S i OxC0x«iSffl(ix=0. 6 — 

1. 5.#lC0. 6 7-1. 30<7)^mX'bhZ\biim 
4U\ xOffl^O. 6J:0'h$^ki«vStt^a»S 
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3 

&.ll:xWl. 5t9*^k, ^vStt&S iO 

t o o i o ] frfc, s i o, ^<mmmt. mm. * 

5 5 -y ?*18&#*r£S§ (^JSttSWT»lllffi) KJ: 0 
ttlftSik**-?**. ±Etf>xtf>«fflO. 6-1. 5 
ii, IM»i:LT»2 5-H»4 6fi«%tffl3-f&. 
[0011] Mft^iiilte«l»£JHVi6 S i 0«ttft 
W^fiH^idso (A) (40. 2-20^ra. #l£L< 
itO. 5-1 OumX'fol. 0. 2jumJ;i)/h$V^ 

<&ffiM%&1fiW& U 2 0 ju mSrfi^. S T^EM? 

a. mm is—f-ftmffi&z x imiftmmzm 
[ooi2]-*. mmmmt. m®.ztitiWMz& 

if «fc< , MttWWt, Al, Ti. Fe. Ni, Cu, 
Zn. Ag, Sn. S i ®ff)&m**&mm. Xit 

X«*. SMBj£Jlifc*ili8L tf-yf-iR**«ML PAN 
&«fKm™*£« L^Sfttf ftffiSIMMMfcM 

mm. mnM^Kdo^Tdwcise 

[0013] T^e^ftd 
50 (B) *>'2 0nm-l 3/xm. $F£ L < (i 3 5 n m~~ 

1 0 AtmT'$>l>. 20nmi MS<r*¥*3fi : P£rii. 
©^l&MfccOf^Wi. iMMbWKTU 13xi 

Hi: t^*><02:fflV->Tt iV\ 
[0014] #8HHfc*iVvTli, 
Sdso (B) tdtr£. S i OiAWftTfid 
so (A) 0>Jt [dso (A) /dso (B) ] £1. 5W 
_k. M£L<\$2. OJJLhfc-tS. dso (A) /d 
so (B) & 1. 5 ahffi SiCfcMt 

a*®:: ->xh. mnMmn<r> nm&mm- t><mnmim 

fo±.-tZ>ZbtfX'£&. ZZX'dso (A) /dso (B) 
** 1 . 5 1 v*fc S i O«CfflW*3«*HMt0> 



(3) 0 0 2-3 73653 

4 

[ 0 0 1 5 3 Srfc, &mW»O«Md50 ( B ) 
Kit**, S i C^F^a^gdso ( A ) <7)lt [ dso 

(A) /dso (B) ] <GJdWi»t»£$*iS#. [d 
so (A) /dso (B) ] f)€£5 0 0WT. 
Tfc-tti btiWt U\ ¥Wf@Jt<9ffi**5 0 0 £ 

mm&m&zmsi t*t< % 9 , mmmwm&t 
[0016] mtmmmsi^>mizm^mmmw<7) 

5~4 0S*%T**. WEtfl*lflrtf)**5 0fiS%J: 

ttfeJJ<9»S£lfi*%*}lk Lfc*£» fiffivSft® 
MWIW* k =5: S 0 . ««ttO{ST*» 

[0017] zzx\ immmm&mnM#m:ii 
mtixn. jm%}#*m®th%mzff)itxm-®± 

[ 0 0 1 8 ] fcts. zixhcDwmzm^&m^zu. m 
mmnzmizm ix 1* h%^x 0 iz . k#bh* 

[0019] tts-rs^««ft«fl^/¥${t. mmm 

JK^SSfcioTJIi&S^ 5iS2 0nm~l 3x<m 
*Wt L < , 1^ffc 3 5 n m~~ 1 0 u mTh 6 . Wtfh 

mmM^m^ifi o n mt m^t , fHHswta* 

40 <OHS»tt*«ftT't 6SWi*«ft 4 . 

[0020] *»^<0ftffiW4. ±iBC0^«ttS i O, 

®*tmz. 8tm®?t$/uXMztm£i<<\ z 
cDtfr&mm&TkLxii. mzmfeztiz>i><Dx-t,i% 

it. ^^Mi8, AitMia. %wn>^-9m*. 

50 T»0, *ii-pniMMl«)fc<0*»4>J«SAtt<0tW*T 
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5 

[002 1 ] SStis i Oiffifcc***** 

vMamfwmmtf 30-90 as% , mz 3 0 - 7 

0 £ft% t =5ri> IT?) SClfc m L < . ±K?g3*4> 
[0022] *fMB(c*jv^ . ^McWB«~<Jc«»«iOft 

ifcf-kffym&foilsttmte* ^y^y-fctxyf'^ 10 
tvf. mm. wmmmiLix\^ Licoo 2 , l 

iNi02, LiMn20i, V2O5, Mn02 x Ti 

if^^^tmi.. wmtixit. mum 
i&mm v wj*m&tfsimm&^h 20 

mx'Zt. 

[00 24] 

[HUM HT. StWWVil^taWfTsWrat* 

<?)T1i=5:l\ 30 
[0025] [JtJtM 1 3 ~WHmm* ( B ETJtiS 
BI=200mVg) fc-fc7$-y?7V-KHMR^ 
-f*©* (BETtt»BPI»=4mVg) ***/K0*J 
■£?ffl£Lfc. i<0itt&**»6Bfc*«t, 0. IT 

0 r rWTOftEU 1,3 5 0*Cfc#$B. UftLX S 
iO,#X£H£$i*\ *&LT**SUS1!0>»M= 

s i Oi#**STTfcamii}3-ti:fc. 

[0026] CLO*raift£III«UfcflL #-/t<$/UT'5 

b*ibi»*u s i o»»**i!Jtufc. fttfLfcs i o, 

»*l±. BETJt^Mf 2 5mVg, ¥^4^18^ 40 

mtj, o . sid (x=i. o) x-mti&ft&'m 
jfcx'b-otc. 

[0027] fthtltzS i Oi»3fcC9HticNMR ( 29 S 
iDD/MAS) fci OSflJgStUtX'*? MMi, -7 
OppmiW'tLfc/D-W-? (Al) t, - 

1 1 0 Ppm£4M>£: L/^o- F&t°-? ( A 2 ) CO 
2o»t-?l;:#8tLTS!l5g$*U ifi^cOf-^cO® 
«Jt (Al) / (A2) «0. 6 5T*-jfc. 

[00 28]±ESiOi«*[ 3 F*&ft : J l gdjo (A) 
= 8jum] ^80g. fWSfgdso ( B) 50 



#^2 00 2-3736 53 
6 

= 3iim] £2 0 g [SiO, : C = 8 : 2 (ftt 
it) ] m\ BSWMMl+T3 04Ha. ISMWi&iBMS 

(ft) S^^yta-y 3 yAM- 1 5F£J8V> 

&Ji2, 500rpm, ^-yy/t-f yf-f-xt 
OBM t± 2 m m b I tz . KPII&Ol&fflKtt 0 . 1%1U 

tt* o . aisttftffi 1 2 7 x:rft o . 
[0029] mmmmm^m ix-mntzmm^s 

»tetf*5 0% [SiO, : C = 5 : 5 (MJt) ] fc* 

ft. 

[0030] z commas i Otfltttmibwrn-sm 

®b<nm.ii1fo : ^'J 7 'y-ftb'^U r>= 9 : 1 (Ml 
Jt) con^t^iidfclni. HtcN-^f-^toUH 

mmizwxn, i2o , cciB*Bwai». 0-7-71/ 
[0031] ^ t>tirzfLm<7)yffim$&mm 

TA7>yfcy>-y^A£x^ hfc l , 

2-^b4fyx^y<oi/i ( tt«Jt )?!-&$£ l* 

3 0/xm<7)^Ux^-u-y»^?L«7 >r;PA 

[ 0 0 3 2 3 fBRU: 'J^-^A-Y ^yZiWKSU, 
MST-ttgL/ift. Z»«ittttms«®iga [ (fls) -f 

1 mA<95£«8iETft«£tT<«\ OVtCjtLfettUt. Hr^ 

0 VtftoJ: 3 izm&im^itxicm'fti 

ft. -etTs «85<l* 5 2 0^A^TI3ofcB#^T?Em$: 

«E*i 1.8V S-±0 ottVA-rftSfcKT L . 

^yz<Wt^<oi o-tf-f ^yKO»*iB(il*fifofc. m 

[0033] 2 ] SOkM 1 "Ct»fe*ifcffaj»« 

s /t-x-nmv&iffl £3&tf%\k Lx, s iOx« 

[T^a^Sdsc (A) =1 2jum] Sr#, ^COS iO 
»«**80g. AjtHTn 1 [¥te)S7@d 6 o (B) =3 

At m ] s 2 0 gfflv\ uss^j 1 b m&mixxmifm 

Th*). ssfiSfti 3 rcx'b-otz. 

[0034] mwmkm&tm ixmtttM&s 
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(5) 



2002-373653 



8 



®<&tf5 0% [S iO, : C = 5 : 5 (MUfc) ] 
5 J: dlcfln^mtts i Ox^fcMISfc^S^ft^tf 

;o^mtts i o,mtm®tm-smm^ 
x. mmmi tmmcoxmizxnmRvmmmvi'iyA 

H 1 tern-?. 

[0035] mmms ] zumlsr©* ( betm 

M=2 0 0mVg) t-fe55>y^^-f'ffl^S^ 
(BETJt«ffi«=4m2/g) £3^K08iJ 

smizitz. zm^sim^zytmi. o. it 

0 r r JTF^Mffi U 20 XcommZMi* LtzTiV^y 
tfZ£Kmmzfi§.L%J)<C > Rfo&cr>i&g.£l, 3 5 0*C 

h s u sk^«»^ s i o, xxz STT^awajStf 

[0 0 3 6] d<7)ffiffife£0!Rl.7tflL #-;L-$/l/t'5 

nsra^u s i OtWttmmLtz. mixtis i o, 

Wtti, BETJtHB»2 1 OmVg, W&i^gS 
umTh*). SiOx(x=l. 22) X'UZtl&im 

mtMX'b^tz* 

[00 37] #£>*l*;S i Ox^^S^NMR ("S 

1 dd/mas ) KiOll/tSft^x^? WWi. -7 
OppmJ^tt^D-W-? (Al) - 
1 1 0ppm£4"l>i: LftT'Q-F&e-;? (A2 ) <7) 
2o^tW£#itLTffl5£S:fU Zilt>W-7cr>W 
mit (Al ) / (A2) tiO. 27X'b->tz, 

[00 38] ±I£S i Cfft* [WS^gdso (A) 
= 8/im] £80 g. AitlWfi [WfifSdii (B) 
= 3jum]£20g[SiOi:C = 8:2 (M 
it) ] HJfcMl i:Pl«c7)^i:-«li6<3lftiBM^ 

i&m±Mkni2i°cx'$>r>tz. 
[0039] mmmmmm^^mtxn^titzmm^s 

i o*vmz. AitHTci (^S^S5//m) ^^Sco 
#J&#5 0% [S iO, : C=5 : 5 (fiMJt) ] fc* 

fc. £O8WttSi0i»*ilSftfctf>iB£ft£jflv> 



4 * yzftHM I , IffiMimtfri tz . 

1 tijrf . 

[0040] [nitW4 ] mmm 1 <o s i o,»* 

^fi^adso (A) =8Mm] £6 0g. AI18 [¥ 
^©^fldso (B) =5jum] ^40g [SiO,:C 
= 6:4 (MJt) ] fflV\ S8St«ltHa«^T« 
tt»»IilteKia*frofc. ^i#al»R%KttO. 1 
%OTT'J> 0 . i&mi®m 7 8 -ct-* -5 tz . 
10 [004 1] tttt^SIiill^IEaLTtt 6*ifci**ttS 

ffl£#50% [S i O, : C=5 : 5 (fifiJt) ] fcfc 

r , nun 1 1 mmm^xMmmmm v a 
[0042] LitmmmmmicosiOMiw- 

*W£FffdM (A) = 8,um] &fflftBt&Iilft£&I-£ 

20 -rcfflw s i 0i«*tc, Aitma (Wttr«3iu 

m ) *««<Oil^36«5 0% [ S i O, : C = 5 : 5 (ff 
4Jt) ] fc£*J:3idlD*SiOi^fcIllftfc*>fi£ 
mWz. Z<7)S i O.^tHtSfcOa-^Srffl^ 

t . mm 1 1 ra^:&a;(cTa*&tf»»fl y f-^A 

4*:OK«ft*fl*U 3EWt»iffofc. tun* 

Hi iZyfcf . 

[0 04 3] [tt«M2]iafcM20SiO,»*[¥ 
*W£FS d8o(A)=12jum] £flM*H3liinfte*&ll 
^-ftfflvv SiO,», AJiUffi (Wi?g3 
30 jum) *ft««0M^**5 0« [S i O, : C=5 : 5 

(SiJt) ] t*4J: dCJOi-S i 0««*fcJB«l:O 

v ^T , nffiw i k mmoumizx n.mRx/mmm 

l izjjki-. 

[0044] 
[HI] 





d so <A)/dso(B) 


[mAh/g] 


[mAh/g] 


[%] 




2.67 


887 


867 


98 




4.00 


893 


857 


96 




2.67 


719 


698 


98 




1.60 


863 


723 


84 


mm 


2.67 


763 


511 


67 


mm 


4.00 


783 


556 


71 



[0045] 
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#032 0 02-3 736 5 3 



(12mm mm set 
02) mm ±m m 



4G072 AA41 BB05 
5H029 AJ03 AJ05 
AL06 AL07 
AM05 AM07 
HJ02 HJ04 
5H050 AA07 AA08 
CA09 CA11 
CB29 DA03 
GA06 GA10 
HA04 HA05 



GG02 JJ50 QQ09 
AK03 AK05 AL02 
AL18 AM03 AM04 
CJ08 HJOO HJ01 
HJ05 

BA17 CA02 CA08 
CB02 CB07 CB08 
DA10 EA09 FA17 
HAOO HA01 HA02 
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